of low back and knee pain with elbow and/or shoulder pain at the time of the questionnaire. Variables considered in the models were as follows: sex, age, BMI, years of athletic experience, position, team level, the amount of practice, participating day in team practice and game per week, frequency of participation in games, and practice intensity. Results The final study population was comprised 1582 youth baseball players (aged 6-15 years old, male 95.6 %) who had responded to the questionnaire. A total of 24.8 % (n = 381) had elbow and/or shoulder pain, whereas 8.5 % (n = 130) had low back pain and 13.1 % (n = 201) had knee pain. The prevalence of elbow and/or shoulder pain with concomitant low back and knee pain was 61.2 % (n = 82) and 51.9 % (n = 108) (p < 0.001), respectively.
Introduction
Baseball is a major sports enjoyed by millions of young athletes in the world. In Japan, almost 21,000 youth baseball teams have registered with the Japan Softball Baseball Association [22] . However, many players have to give up playing baseball due to severe arm injuries, and the number, especially in youth players, has been increasing year by year [12, 17, 18, 37] . Continuing to throw with arm symptoms would result in serious injuries such as osteoarthritis due to loose body and osteochondritis dissecans of the elbow [19, 25, 42] , rotator cuff tears [6, 43] , and osteoarthritis in the shoulder joint [5] . These conditions may lead to long-term disability for daily living. Therefore, prevention and early intervention of elbow and shoulder injuries are crucial for youth players [13, 17, 27] .
Risk factors described in the literature for elbow and shoulder pain in baseball players are as follows: older age [29, 33] , lower height [29] , increased weight [29] , position (pitcher or catcher) [11, 18, 20, 33] , pitch counts [24, 28, 29, 36] , pitch types (e.g. fastball, curveball, and slider) [28, 35, 37, 44] , maximum pitch velocity [8, 24, 36] , pitching with arm fatigue [14, 36] , and playing on multiple teams in the same season [29, 44] . From these results, the American Sports Medicine Institute revised their recommendations as follows: (1) watch and respond to arm fatigue; (2) follow limits for pitch counts and days' rest; (3) avoid playing both pitcher and catcher and pitching for multiple teams; and (4) learn good throwing mechanisms for preventing arm injuries in youth baseball players [2] . The Japanese Society of Clinical Sports Medicine (JSCSM) also made recommendations including pitch count, innings, and practice times per day and practice days per week [23] . Although these recommendations should be useful for preventing elbow and shoulder injuries, some studies have pointed out a problem that the knowledge and compliance of these guidelines were not highly recognized among coaches [15, 45] . Though previous studies have revealed risk factors for shoulder and elbow injuries, there remain some limitations as follows: (1) a small number of subjects who required surgery due to serious shoulder and elbow injuries [36, 37] ; (2) a small number of subjects using a biomechanical approach [13, 21, 35] ; and (3) only pitchers belonging to local competitions [18, 28, 29] . In addition, epidemiological studies are relatively few [31, 33, 44] . Therefore, an epidemiological approach with a large number is necessary to reveal potential factors for shoulder and elbow injuries in youth baseball players.
Pitching motion has been considered a kinetic chain that derives energy from the lower extremity, via pelvis and trunk, and subsequently releases it through the upper extremity [7, 30] . Though a breakage in the kinetic chain could affect elbow and shoulder injuries [7, 9, 41] , the association with insufficient support from the trunk and lower extremity and elbow and shoulder injuries has not been well understood. A few recent studies have demonstrated a positive association between elbow and shoulder injuries and biomechanical dysfunctions of the trunk and lower extremities (e.g. lumbopelvic control [9] , hip range of motion [39] , and foot posture [16] ) in baseball players. Numerous studies reported an association of poor core stability with back [10, 34, 38, 40] or lower extremity injuries [26, 46, 47] in athletes. We anticipated that dysfunction of the trunk and lower extremity would be associated with elbow and shoulder injuries because examination and evaluation of the entire body is important to examine injured baseball players. The purpose of this study was to investigate the association of low back and knee pain with elbow and/or shoulder complaints among youth baseball players.
Materials and methods
Study participants were mostly school-aged athletes (aged 6-15 years) belonging to the Miyagi Amateur Sports Association. It is located in north-east Japan, which has established with the aim of youth health promotion through various sports (baseball, soccer, basketball, volleyball, judo, kendo, karate, athletics, ski, badminton, swimming, etc.). The organization possesses information on mailing address for 25,469 registered athletes and their parents. A self-administered questionnaire and document informed consent were mailed to all of them in October 2014, one month after the competitive season. At this time, baseball players practice and sometimes play practice games for the next season. Among those, 7333 athletes replied with both written informed consent and questionnaire by the end of December 2014 (response rate was 28.8 %). Those who did not play baseball (n = 5577) and played both baseball and the other sports (n = 26) were excluded from this study. We excluded 148 participants who had not entered any response to the question about pain information (e.g. shoulder, elbow, low back, and knee), age, height, weight, team level, practice time per day and days per week, and practice intensity. The final study population was comprised of 1582 youth baseball players ( Fig. 1 ).
Questionnaire
The questionnaire for the players consisted of "Materials and methods" sections. The first section aimed to gather demographic data including sex, age, height, and weight, sports-related information such as number of years spent playing the sport, their team levels, number of hours and days of practice and games, their feelings relating to amount of rest and practice intensity, sleep habits, studying, and other routine daily activities. The second section was especially arranged for baseball players and contained 5 items including position (multiple choices were allowed) and the presence of pain and their areas including the elbow, shoulder, low back, and knee.
Variables
The question of the presence of pain and their areas was documented as a simple yes/no response. If the answers to following questions, "Do you have elbow pain?" and "Do you have shoulder pain?", were yes in either one, they were regarded as the presence of "elbow and/or shoulder pain", whereas the answers to following questions, "Do you have low back pain?" and "Do you have knee pain?", were yes, they were regarded as "low back pain" and "knee pain", respectively.
The following continuous variables were divided into categories according to distribution as well as clinical significance when necessary: age was categorized into 3 groups (6-15 years); number of years of experience playing baseball into 3 groups (under 1, 1 to <3 and 3 years and more); number of hours in practice per day on weekdays and weekends into 2 groups (on weekdays: 2 h or less, and more than 2 h, on weekends: 5 h or less, and more than 5 h); and number of days in participating in team practice and game per week into 3 groups (3 or <4-7 days).
Pre-coded questions included their team levels ("national competition", "Tohoku distinct competition", "prefectural competition", "local competition", and "only recreation"), the frequency of participation in games included responses ("often", "sometimes", "seldom", and "never"), and their practice intensity ("hard" and "not hard"). Their team level and the frequency of participation in games were categorized into 2 groups according to the distribution (team level: "prefectural competition or more" and "local competition or only recreation", frequency of participation in games: "often" and "sometimes or less").
The study protocol was reviewed and approved by the Ethics Committee on Research of Human Subjects at the Tohoku University Graduate School of Medicine (approved number: 2013-1-564).
Statistical analysis
Continuous variables were presented as medians with interquartile range (IQR); categorical variables were presented as numbers and percentage (%). First, we performed multiple logistic regression analysis to examine the association of low back and knee pain with elbow and/or shoulder pain. Low back and knee pain were the independent variables, respectively, and elbow and/or shoulder pain was the dependent variable. The odds ratio (ORs) and 95 % confidential intervals (95 % CI) for the presence of elbow and/or shoulder pain were calculated after simultaneous adjustment for potential covariate. Second, multinomial logistic regressions were performed to evaluate low back and knee pain for their relationships to pain in the elbow, shoulder, and both of them. Participants with only elbow pain, those with only shoulder pain, and those with both elbow and shoulder pain were compared with the ORs and 95 % CI of low back and knee pain among those without elbow and/or shoulder pain. Third, the participants were stratified into pitcher or non-pitcher, and multiple logistic regression analysis was performed. OR and 95 % CI for the presence of elbow and/ or shoulder pain were calculated after simultaneous adjustment for previous covariates. Furthermore, OR and 95 % CI for previous variables were calculated to investigate associations of the variables with shoulder and/or elbow pain.
Variables considered in the models were sex (male or female), age (6-11, or 12-15 years), BMI (continuous variable), years of athletic experience (<1, 1 to <3, or ≥3 years), their position [pitcher, or catcher (yes, no)], team level [low (regional competition or only recreation), or high (prefectural competition or more)], amount of practice per day on weekdays (≤2, or >2 h) and weekends (≤5, or >5 h), days of participating in team practices and games per week (≤3, 4 and 5, or 6 and 7 days), the frequency of participation in games (frequently or not), practice intensity (hard or not hard), and the presence of low back and knee pain.
All statistical analyses were performed with SPSS version 23.0 (SPSS Japan Inc., Tokyo, Japan). All tests were 2-tailed, and p < 0.05 was considered statistically significant.
Results
Baseline characteristics of the participants are listed on Table 1 . The median age of the participants was 11 The frequency of elbow and/or shoulder pain was 24.8 % (n = 393); that of elbow pain, 14.3 % (n = 226); that of shoulder pain, 17.3 % (n = 273); that of both elbow and shoulder pain, 6.6 % (n = 105); and that of low back and knee pain were 8.4 % (n = 134) and 13.1 % (n = 208), respectively. Of those who had elbow and/or shoulder pain, 61.2 % (n = 82) and 51.9 % (n = 108) had Adjusted ORs (95 % CI) for elbow and/or shoulder pain by other variables are shown in Table 5 . Older aged players had a tendency to have elbow and/or shoulder pain (10-and 11-year-olds: ORs (95 % CI): 1.65 (1.12-2.42), p = 0.011; 12-15-year-olds: 1.71 (1.10-2.67), p = 0.018). Pitcher, catcher, and practice intensity were significantly associated with elbow and/or shoulder pain [ORs (95 % CI): 1.55 (1.12-2.04), p = 0.002, 1.70 (1.25-2.30), p = 0.001, and 1.56 (1.21-2.02), p = 0.001, respectively]. Their experience, team level, and amount of practice and game were not significantly associated with shoulder and/or elbow pain. 
Discussion
Important findings of this study are as follows: (1) the presence of low back and knee pain is significantly associated with elbow and shoulder pain among youth baseball players regardless of pitchers or non-pitchers, (2) elbow and/or shoulder pain is associated with older age, the pitcher and catcher, and practice intensity. Some authors have described that dysfunction of the trunk and lower extremity is associated with elbow and shoulder pain in baseball players [9, 16, 39] . Chaudhari et al. [9] reported that professional baseball pitchers with the best lumbopelvic control were less likely to have shoulder and elbow pain throughout the baseball season than those with poor lumbopelvic control. Steve et al. presented that shoulder injury would be associated with specific measures of hip and shoulder range of motion, dominant hip extension and dominant shoulder external rotation were significantly associated with a history of shoulder injuries for professional baseball players [39] . Luis et al. reported that an abnormal foot arch posture was associated with a past history of shoulder and/or elbow surgeries in collegiate and professional baseball pitchers [16] . Pitching motion is the kinetic chain that produces energy from the lower extremity, passes the energy through the trunk, and subsequently releases it through the upper extremity [7, 27, 30] . After the ball release, the trunk and lower extremity decelerated body motion [32] , which might indicate that a repetitive pitching motion could affect all body parts. The disturbance of the kinetic chain due to low back and knee pain, or unskilled pitching motion affects arm pain [1] . Further, young baseball players have less coordination and skills (e.g. showing early trunk rotation within a pitching motion) than older ones, which might be harmful to all body parts in youth baseball players [1] . These findings supported our results that elbow and shoulder pain was associated with low back and knee pain among youth baseball players. It is important to notice pain and fatigue in the arm of youth baseball players [14, 36] , and coaches and clinicians should pay attention to the symptoms of the elbow and shoulder as well as the trunk and lower extremity.
Several reports have indicated that the number of pitch, pitching mechanism and the prevalence of serious arm injuries were different between pitchers and non-pitchers [11, 12, 39] . Therefore, we initially anticipated that pitchers would have a strong association between low back and knee pain with elbow and/or shoulder pain than non-pitchers. However, there were significant associations between low back or knee pain and elbow and/or shoulder pain regardless of whether a player's position was pitcher or not. This result suggests that the upper extremities are strongly associated with the trunk and lower extremities regardless of player position. The following characteristics of throwing motion of non-pitchers might result in the previous association: non-pitchers need to throw while running, after a backhand catch, using a crow hop (e.g. a common crossover stepping and hopping manoeuvre to provide additional velocity for the throw), and after standing up from a squatting position or lying down. These varieties would overload all body parts. Other possible explanations are that most youth players have to play more various positions than older ones. In addition, this survey was conducted after the competitive season; therefore, the players might practice multiple positions which they did not play during the competitive season. Players in the older group had a higher prevalence of elbow and shoulder pain in this study. The association between elbow and shoulder pain and older age showed a similar trend in previous studies [29, 33] . The accumulation of micro-trauma from a repetitive pitching motion resulted in arm pain of baseball players [4, 29] , because the amount of pitches (e.g. pitching number, pitch count, and innings pitched) and opportunities to throw in competitive games generally increase with age in youth level players.
Pitchers were regarded as an independent risk factor for elbow and shoulder pain [11, 12] , but a few studies concerning catchers have been reported as well [20, 33] . Our result that catchers had a higher prevalence of elbow and shoulder pain than other positions corresponded well with previous studies [20, 33] . Hang surveyed 324 little league players (120 pitchers, 40 catchers, and 183 fielders) and showed a higher incidence of soreness in the elbow (58 % of pitchers, 63 % of catchers, and 47 % of fielders), medial condyle separation, and fragmentation (separation: 63 % of pitchers, 70 % of catchers, and 50 % of fielders, fragmentation: 19 % of pitchers, 40 % of catchers, and 15 % of fielders) [20] . Matsuura et al. reported elbow pain was associated with catchers in youth baseball players aged 7-12 [33] . These findings could be explained by the fact that the number of throws of the catcher is as much as the pitcher and more than fielders, and the differences in the throwing motion in which the catcher has to throw from a squatting position result in higher stress of their arms [20] .
Players who felt high intensity in practice had a higher prevalence of elbow and/or shoulder pain. Perceived intensity would be associated with mental and physical stress. Andersen et al. developed a stress injury model that reactions of the athlete to a potentially stressful athletic situation were decisive in determining whether injury will ensue [3] . Makhni et al. investigated the association of psychosocial factors with arm pain, which affected performance, in youth baseball players [31] . Frustrations due to sports activity might be predictors of arm pain. However, further research such as prospective observational and interventional studies in youth baseball players is needed to explain this hypothesis. Older age, pitcher, catcher, and practice intensity were associated with elbow and/or shoulder pain in this study, which indicated that excessive physical and mental stress may result in elbow and shoulder pain. These factors may correlate with each other, because higher aged players tend to be in charge of a position (e.g. pitcher and catcher), which subsequently requires them to have much responsibility and stress. Although JSCSM recommended a limit to practice times and days [23] , the amount of practice was not associated with elbow and/or shoulder pain in this study. This result was consistent with previous studies [33, 45] . The players with arm pain might reduce the amount of practice and be absent from practice or games, which might explain the different results. Further, information about practice and games (e.g. pitching numbers per day and week, pitched innings) might be subjective and insufficient [18, 28, 29, 36, 37] .
There are several limitations in this study. First, the study design was cross-sectional, so it was unclear whether there was a causal relationship (e.g. low back and knee pain, or practice intensity resulting in elbow and shoulder pain). Second, players were surveyed about one month after the competitive season. Therefore, it was unclear whether our findings will be able to be applied to youth players before and during the competitive season. Third, the questionnaire did not include an objective measurement regarding the actual intensity of practices, pitch-related information (e.g. pitch count, and pitch type) and hand dominance. Finally, there was a deficiency in the reliability of the measured instrument such as a lack of a test-retest. Further prospective study is needed to clarify these problems. It is important to check complaints of the trunk and lower extremities as well as those of the elbow and shoulder, which are the usual main complaints, for preventing severe injuries in youth baseball players.
Conclusions
Among youth baseball players in Japan, symptoms of the trunk and lower extremity were closely associated with shoulder and elbow pain. Getting information about these symptoms is quite important to prevent serious shoulder and elbow injuries in youth baseball players.
